Abstract-Routing in Wireless Networks is challenging because of the unpredictable behavior of the medium and the random variations in channel condition. All of these factors lead to poor performance in multi-hop wireless mesh networks specially with the conventional routing. In order to exploit all the advantages that the wireless medium offers, new routing metrics must be explored. These metrics should come from across-layer approach in order to make the routing layer aware of the local issues of the underling layers.In this paper we investigate a new cross-layer routing metric that takes into account available bandwidth as well as the number of retransmissions, thus aiming to minimize end-to-end delay. The experimental results show that the proposed cross-layer metric improves the performance of routing in terms of end-to-end delay and network throughput by selecting paths with high available bandwidth while also avoiding areas of MAC congestion.
I. INTRODUCTION
Wireless Mesh Nerworks (WMN) [1] is a self-organized and self-configured network without centralized control,with the feather of multi-hop and limited energy. It is a communications network made up of radio nodes organized in a mesh topology. Wireless mesh networks often consist of mesh clients, mesh routers and gateways. The mesh clients are often laptops, cell phones and other wireless devices while the mesh routers forward traffic to and from the gateways which may but need not connect to the Internet. The coverage area of the radio nodes working as a single network is sometimes called a mesh cloud. Access to this mesh cloud is dependent on the radio nodes working in harmony with each other to create a radio network. A mesh network is reliable and offers redundancy. When one node can no longer operate, the rest of the nodes can still communicate with each other, directly or through one or more intermediate nodes. The animation below illustrates how wireless mesh networks can self form and self heal. Wireless mesh networks can be implemented with various wireless technology including 802.11, 802.16, cellular technologies or combinations of more than one type.
A wireless mesh network can be seen as a special type of wireless ad-hoc network. It is often assumed that all nodes in a wireless mesh network are immobile but this need not be so. The mesh routers may be highly mobile. Often the mesh routers are not limited in terms of resources compared to other nodes in the network and thus can be exploited to perform more resource intensive functions. In this way, the wireless mesh network differs from an ad-hoc network since all of these nodes are often constrained by resources. Wireless Mesh Networks appear as a promising technology to offer broadband wireless access to the Internet, but also to build self-organized networks in places where wired infrastructure is not available or not worthy to deploy. More recently, Mesh techniques have migrated to commercial scenarios such as sensor networks, home computing and public wireless LAN. Wireless mesh networks are being deployed in cities to provide ubiquitous wireless coverage for the general population or in many instances, as a network for common use by the different first responder agencies such as the police,fire-fighters or emergency medical services.
Current WMN routing algorithms [2, 3] are essentially based on the classical layered design and ignore the overall requirements of network design and dependences between different layers. For example, most conventional WMN routing protocols, including DSDV [4] ,AODV [5, 11] ， LSR[14]and DSR [3] ,use the minimum hop-count(MH) [6] as the metric to make routing decisions. This is primarily a carry-over from wired networks.However,in case of wireless networks, the MH metric tends to choose paths with fewer hops. And each hop in paths chosen by MH will tend to have a longer physical Span and also be associated with a lower bit-rate than an alternative path with more number of hops. Since the shortest-path metric does not take into account the variable quality of the wireless link, other metrics which are aware of the wireless nature of the underlying physical channel [7] ,must be explored. To solve the problem, the cross-layer methods [12, 13] were proposed to consider factors from various layers,allowing information exchanged between protocol layers. And different routing metric instead of minimum hop was proposed to make routing selection.
Using a cross-layer routing metric,network layer responds appropriately to changes in other layers as well as in the same layer,facilitating global considerations and tradeoffs of various factors. Cross-layer design has been viewd to be helpful in WMNs route selection that utilizes network resources efficiently. Nowadays a lot of cross-layer routing protocols have been proposed such as the PARMA,CFPR, etc. After studying these routings, people find out that these routings can improve performance of the system remakably in some respects,so the Cross-Layer routing design has become a hot spot in the industry.
Based on the above considerations, we are investigating a new integrated policy based on a routing metric related to both the available bandwidth [8, 9] and MAC congestion information. Taking DSR as the routing protocol baseline, we study the distance-vector routing behavior under a cross-layer aware metric.In order to make better use of available network capacity and avoid the areas of congestion, we propose a cross-layer approach that uses average number of the retransmissions and the least available bandwidth as our routing metrics. The problem is studied in detail with an ns-2 simulation mode [10].
II. THE PROPOSED CROSS-LAYER ROUTING ALGORITHM
Dynamic Source Routing (DSR) is a routing protocol for wireless mesh networks. It is similar to AODV in that it forms a route on-demand when a transmitting computer requests one. However, it uses source routing instead of relying on the routing table at each intermediate device. This protocol is truly based on source routing whereby all the routing information is maintained (continually updated) at mobile nodes. It has only 2 major phases which are Route Discovery and Route Maintenance. Route Reply would only be generated if the message has reached the intended destination node (route record which is initially contained in Route Request would be inserted into the Route Reply). Dynamic source routing protocol (DSR) is an on-demand protocol designed to restrict the bandwidth consumed by control packets in ad hoc wireless networks by eliminating the periodic table-update messages required in the table-driven approach. The destination node, on receiving a RouteRequest packet, responds by sending a Route Reply packet back to the source, which carries the route traversed by the Route Request packet received. Now we will introduce the work process of DSR.Consider a source node that does not have a route to the destination. When it has data packets to be sent to that destination, it initiates a RouteRequest packet. This RouteRequest is flooded throughout the network. Each node, upon receiving a RouteRequest packet, rebroadcasts the packet to its neighbors if it has not forwarded it already, provided that the node is not the destination node and that the packet's time to live(TTL) counter has not been exceeded. Each RouteRequest carries a sequence number generated by the source node and the path it has traversed. A node, upon receiving a RouteRequest packet, checks the sequence number on the packet before forwarding it. The packet is forwarded only if it is not a duplicate route request. The sequence number on the packet is used to prevent loop formations and to avoid multiple transmissions of the same RouteRequest by an intermediate node that receives it through multiple paths. Thus, all nodes except the destination forward a RouteRequest packet during the route construction phase. A destination node, after receiving the first RouteRequest packet, replies to the source node through the reverse path the RouteRequest packet had traversed. Nodes can also learn about the neighboring routes traversed by data packets if operated in the promiscuous mode (the mode of operation in which a node can receive the packets that are neither broadcast nor addressed to itself). This route cache is also used during the route construction phase. If an intermediate node receiving a RouteRequest has a route to the destination node in its route cache, then it replies to the source node by sending a RouteReply with the entire route information from the source node to the destination node.
The novel method given at this paper which modifies slightly the DSR route algorithm, based on cross-layer mechanism.
The average number of retransmissions(ANR) should be considered first:
Because the wireless medium is shared,whether a packet could be sent successfully immediately is determined by not only the states of two ends of the link,but also the states of all neighboring nodes.When the system is below saturation,almost all the packets get transmitted successfully in the first attempt,and number of retransmissions(NR) can be set to 0 as an approximation.When the link quality is poor,packet needs to be retransmitted ,so the packet retransmissions mechanism will be carried out by MAC protocol.
We suppose there are packets from the source node S i to the destination node S j ,there is a path which we can define as q i,j .We can get this q i,j easily from the route reply information.Now we can define ANR of the q i,j as follow:
Where k∈ i→j, hopnumber path is the current number of hops from the source node S i to the destination node S j .
The available bandwidth(AB)[15,16] on a path is of major importance in congestion control, streaming applications, QoS verification, server selection, and overlay networks. The available bandwidth is largely influenced by the cross traffic along the path and eventually the congestion control, so we should take into account this factor.
We suppose there is a path from the source node S i to the destination node S j, and the nodes on this path are S i ,S t1 ,S t2 ,S t3 …,S tn ,S j .We can get the available bandwidth(AB) of each hop of this path by sending the probe packet every T seconds. Now we difine the least available bandwidth(LAB) of this path as follow:
LAB path = min 〔 AB i,t1 ,AB t1,t2 ,AB t2,t3 , … , AB tn-1,tn, AB tn,j 〕
Where t1,t2,…tn ∈ i → j,AB tn-1,tn is the available bandwidth of the hop from the node S n-1 to the node S n. With the above simplifications, our routing metric computation can be summarized as Eq. (3) The working process is shown as Fig.1 . It is clear that this routing metric is cross-layer information aware.In the following, we study this kind of routing metric, and we compare the performance of the proposed routing metric with the traditional DSR. 
III. SIMULATION AND EVALUATION

A. system model
The system model is given as follow: As shown in the Fig.2 we can find that the network layer is aware of information of available bandwidth from the PHY layer and information of the number of retransmissions from the MAC layer in this metric. Theoretically, the network layer can utilize these information to select a smooth path with more available bandwidth. It is noteworthy that there are a lot of other cross-layer information we can utilize,but in this paper,we just want to improve the performance of system in some certain aspects. Now we will investigate the performance of this metric.
B. simulation results
Ns-2 is a discrete event network simulator. It is popular in academia for its extensibility (due to its open source model) and plentiful online documentation. Ns-2 is popularly used in the simulation of rouiting and multicast protocols, and is heavily used in ad-hoc networking research. Ns-2 supports an array of popular network protocols, offering simulation results for wired and wireless networks alike. It can be also used as limited-functionality network emulator.
We assume that we have 20 nodes placed randomly in a 600m×600m erea,all the nodes have the same emission power of 28mw and a radio range of 150m..We consider the stationary and the mobile scenarios.The length of the packet is 512B,and the speed of sending packets is from 50 packets/s to 250 packets/s.For the mobile scenario,mobile model is random way point,for example,when the node reaches its destination,it pauses for 3 seconds,and then randomly chooses another destination,we assume the range of the speed of each node is from 0 -20m,and the direction of the moving is random.Now we will evaluate the performance of the proposed metric by comparing the traditional DSR which uses minimum hop(MH)metric with a modified DSR version which uses the metric we proposed.
1)Scenario 1
First of all, we assume that all the nodes are stationary, and the speed of packets transmission is from 50 packets/s to 250 packets/s.An analysis of the performance based on the average end-to-end delay (Fig.3) shows the performance of the proposed metric is superior than the classical DSR.We can conclude that our proposed metric can find a path which can avoid the congested area by taking into account the number of the retransmissions.In this case,the proposed metric is more sensitive to the changes in the other layers.But we also find that when the number of sending packet is low,the advantages of our proposed metric is not obvious.This is because in that case,most of the areas of the network are not congested,our proposed metric can not exert its effectiveness. An analysis of the performance based on the system throughput is given as Fig.4 . Fig.4 shows that the proposed metric can gain higher system throughput than the classical DSR by selecting a path with adequate available bandwidth when the number of sending packets are increasing. We can see from the Fig.4 that when the number of sending packets is beyond 800,some areas have become congested,the performance of throughput of the DSR deteriorate because of the congestion.In this case,the advantage of our proposed metric is very obvious.
The packet drop rate should also be researched to investigate the peformance of our proposed metric.From the Fig.5 .From the Fig.5 we can find that when the number of the sending packets is too big,the packet drop rate of the DSR Increases intensively.This is because when the number of the sending packets is too big,many nodes are congested,so many packets have been dropped by node.Our metric can avoid these nodes,so we can achieve a higher performance. 
2) Scenario 2
Now we consider the mobile scenario. Just as mentioned before, we assume that the range of the speed of each node is from 0 to 20m, and the direction of the moving is random. The simulation results are shown in Fig.6,Fig.7 and Fig.8 . From these figures we find that our metric can achieve a relatively higher performance over the traditional DSR.As we all know, the topology of the whole network is changing when the nodes are moving,and this will make many links become invalid. Our proposed metric provides the routing layer with an overall view of the MAC retransmission information which can help us find smoother paths,and incorporating the available bandwidth also improves the system throughput.But we also find that the performance of the proposed metric deteriorates quickly when the average speed of the nodes exceeds 15m/s.This is because when the topology of the whole system changes rapidly,the number of retransmissions of most nodes are big and most areas of the network are congested,so it is difficult to find a good path.How to solve this problem is key point of my next work.
IV.CONCLUSION
In this paper, we introduce a new routing metric based on the cross-layer mechanism in wireless mesh networks which is based on the end-to-end delay and the available bandwidth. Moreover,as the metric proposed takes into account information from the other layer,it will help us find a relatively reasonable path. Simulation results demonstrated that it can improve the system throughput and decrease the average end-to-end delay no matter it is in stationary or mobile scenarios. So we think the proposed has a higher performance in comparison to the classical DSR algorithm in some certain aspects.
Of course, there is a lot of work to do in the future. As the development of Mesh networks, the traditional routing protocol is not enough for the application today.
Information from different layers has to be exchanged to achieve high performance of the system, and the network layer can also control some parameters in the MAC or PHY layer. My next work is to investigate a new cross-layer routing metric which allows the network layer to control some parameters from the PHY layer and to research its peformance in some certain aspects. 
